The notion of uni-soft filters of a BE-algebra is introduced, and related properties are investigated. Characterizations of a uni-soft filter is discussed. Conditions for a soft set to be a uni-soft filter are provided.
Introduction
As a new mathematical tool for dealing with uncertainties, Molodtsov [10] introduced the concept of soft sets. Since then several authors studied (fuzzy) algebraic structures based on soft set theory in several algebraic structures. Acar et al. [1] introduced initial concepts of soft rings. Aktas et al. [3] defined soft groups, and derived their basic properties. Atagün et al. [4] introduced and studied soft subrings and soft ideals of a ring. Jun [7] applied soft set theory to BCK/BCI-algebra. Jun et al. [8] discussed union soft set theory in BCI-algebras. Ç aǧman et al. [5] constructed a uni-int decision making method which selects a set of optimum elements from the alternatives. Ç aǧman et al. [6] introduced fuzzy parameterized (FP) soft sets and their related properties. They proposed a decision making method based on FP-soft set theory, and provided an example which shows that the method can be successfully applied to the problems that contain uncertainties. As a generalization of a BCK-algebra, Kim and Kim [9] introduced the notion of a BE-algebra, and investigated several properties. They introduced the notion of filters in BE-algebras, and provided an equivalent condition of the filter by using the notion of upper sets. In [2] , Ahn and So introduced the notion of ideals in BE-algebras. They gave several descriptions of ideals in BE-algebras.
In this paper, we introduce the notion of uni-soft filter of a BE-algebra, and investigate their properties. We consider characterizations of a uni-soft filter, and provide conditions for a soft set to be a uni-soft filter.
Preliminaries
Let K(τ ) be the class of all algebras of type τ = (2, 0). By a BE-algebra (see [9] ) we mean a system (X; * , 1) ∈ K(τ ) in which the following axioms hold:
A relation "≤" on a BE-algebra X is defined by
A BE-algebra (X; * , 1) is said to be self distributive (see [9] ) if it satisfies:
Every self distributive BE-algebra (X; * , 1) satisfies the following properties:
Let (X; * , 1) be a BE-algebra and let F be a non-empty subset of X. Then F is a filter of X (see [9] ) if
A soft set theory is introduced by Molodtsov [10] . In what follows, let U be an initial universe set and X be a set of parameters. Let P(U ) denotes the power set of U and A, B, C, · · · ⊆ X.
A soft set F , A of X over U is defined to be the set of ordered pairs
For a soft set F , A of X and a subset τ of U, the τ -exclusive set of F , A , denoted by e A F ; τ , is defined to be the set
Uni-soft filters
In what follows, we take a BE-algebra X, as a set of parameters unless otherwise specified.
Example 3.2 Consider a BE-algebra X = {1, a, b, c} with the Cayley table which is given in Table 1 . Let F , X be a soft set of X over U = Z defined as follows:
It is easy to check that F , X is a uni-soft filter of X over U = Z. 
For two elements a and b of X, consider a soft set F X(a,b) , X over U whereF
where τ 1 and τ 2 are subsets of U with τ 1 τ 2 and X(a, b) := {x ∈ X | a ≤ b * x}. In the following example, we know that there exists a, b ∈ X such that F X(a,b) , X is not a uni-soft filter of X over U . table which is given in Table 2 (see [2] ). 
Then F X(1,a) , X is not a uni-soft filter of X over U sincẽ
We provide a condition for the soft set F X(a,b) , X to be a uni-soft filter of X over U for all a, b ∈ X. Theorem 3.4 If X is self distributive, then the soft set F X(a,b) , X over U is a uni-soft filter of X over U for all a, b ∈ X.
Proof. Let a, b ∈ X. Obviously,F X(a,b) (1) ⊆F X(a,b) (x) for all x ∈ X. Let x, y ∈ X be such that x * y / ∈ X(a, b) or x / ∈ X(a, b).
Assume that x * y ∈ X(a, b) and x ∈ X(a, b). Then a * (b * (x * y)) = 1 and a * (b * x) = 1. Thus
that is, y ∈ X(a, b), and soF
Proposition 3.5 Every uni-soft filter F , X of X over U satisfies the following properties:
for all x, y, z ∈ X.
Proof. (i) Let x, y ∈ X be such that x ≤ y. Then x * y = 1. It follows from (12) and (11) that
(ii) Using (12) and (4), we obtaiñ
We provide conditions for a soft set to be a uni-soft filter.
Theorem 3.6 If a soft set F , X of X over U satisfies (11) and Proposition 3.5(ii), then it is a uni-soft filter of X.
Proof. Taking x := 1 in Proposition 3.5(ii) and using (3), we havẽ
for all y, z ∈ X, Hence F , X is a uni-soft filter of X over U . Corollary 3.7 Let F , X be a soft set of X over U . Then F , X is a uni-soft filter of X over U if and only if it satisfies (11) and Proposition 3.5(ii). 
for all a, x ∈ X.
Proof. If we take y = (a * x) * x and x = a in (12), theñ
by using (4), (1) and (11).
Theorem 3.9 A soft set F , X of X over U is a uni-soft filter of X over U if and only if it satisfies the following conditions
for all x, y, a, b ∈ X.
Proof. Assume that F , X is a uni-soft filter of X over U . Using (12), (4), (1), (2) and (11), we get
for all x, y ∈ X. Using Proposition 3.5(ii) and Lemma 3.8, we havẽ
for any x, a, b ∈ X.
Conversely, let F , X be a soft set of X over U satisfying conditions (i) and (ii). If we take y := x in (i), thenF(1) =F(x * x) ⊆F(x) for all x ∈ X. Using (3), (1) and (ii), we obtaiñ
for all x, y ∈ X. Hence F , X is a uni-soft filter over U . Proposition 3.10 Let F , X be a soft set of X over U . Then F , X is a uni-soft filter of X over U if and only if it satisfies
Proof. Assume that (F, X) is a uni-soft filter of X over U . Let x, y, z ∈ X be such that z ≤ x * y. By Proposition 3.5(i) and (12), we havẽ
Conversely, suppose that (F, X) satisfies (14). By (2), we x ≤ x * 1 = 1. HenceF(1) ⊆F(x) for all x ∈ X by (14). Thus (11) is valid. Using (1) and (4), we obtain x ≤ (x * y) * y for all x, y ∈ X. By (14), we getF(y) ⊆F(x * y)∪F(x). Hence (12) holds. Therefore (F, X) is a uni-soft filter of X over U .
As a generalization of Proposition 3.10, we have the following results.
Theorem 3.11 If a soft set F , X of X over U is a uni-soft filter of X over U , then
for all x, w 1 , · · · , w n ∈ X, where
Proof. The proof is by induction on n. Let (F, X) be a uni-soft filter of X over U . By Proposition 3.5(i) and (14), we know that the condition (15) is valid for n = 1, 2. Assume that F , X satisfies the condition (15) for n = k, that is,
Since (F, X) is a uni-soft filter of X, it follows from (12) and (16) that
This completes the proof. Now we consider the converse of Theorem 3.11.
Theorem 3.12 For a soft set F , X over U , if the condition (15) is valid, then (F, X) is a uni-soft filter of X over U .
Proof. Assume that the condition (15) is valid and let x, y, z ∈ X be such that z ≤ x * y. Then z * (x * y) = 1, and soF(y) ⊆F(x) ∪F(z) by (15). It follows from Proposition 3.10 that F , X is a uni-soft filter of X over U .
Theorem 3.13 For a soft set F , X over U , the following are equivalent.
(i) F , X is a uni-soft filter of X over U .
(ii) The τ -exclusive set e X F ; τ is a filter of X for all τ ∈ P(U ) with e X F ; τ = ∅.
Proof. Assume that F , X is a uni-soft filter of X over U . Let x, y ∈ X and τ ∈ P(U ) be such that x * y ∈ e X (F; τ ) and x ∈ e X (F; τ ). Then τ ⊇F(x) and τ ⊇F(x * y). It follows from (11) and (12) that τ ⊇F(x) ⊇F(1) and τ ⊇F(x * y) ∪F(x) ⊇F(y) for all x, y ∈ X. Hence 1 ∈ e X (F; τ ) and y ∈ e X (F; τ ). Thus e X (F, X) is a filter of X. Conversely, suppose that e X (F; τ ) is a filter of X for all τ ∈ P(U ) with e X (F; τ ) = ∅. For any x ∈ X, letF(x) = τ. Then x ∈ e X (F; τ ). Since e X (F; τ ) is a filter of X, we have 1 ∈ e X (F; τ ) and soF(x) = τ ⊇F(1). For any x, y ∈ X, letF(x * y) = τ x * y andF(x) = τ x . Take τ = τ x * y ∪ τ x . Then x * y ∈ e X (F; τ ) and x ∈ e X (F; τ ) which imply that y ∈ e X (F; τ ). Hencẽ
Thus F , X is a uni-soft filter of X over U . Theorem 3.14 For a nonempty subset F of X, let F , X be a soft set of X over U defined as follows:
where τ 1 τ 2 in P(U ). Then F , X is a uni-soft filter of X over U if and only if X(a, b) ⊆ F for all a, b ∈ F .
Proof. Assume that F , X is a uni-soft filter of X over U . Then e X (F; τ 1 ) = F is a filter of X by Theorem 3.13. Let x ∈ X(a, b) for any a, b ∈ F . Then a ≤ b * x, and so a * (b * x) = 1 ∈ F . Hence x ∈ F and therefore X(a, b) ⊆ F for all a, b ∈ F .
Conversely, suppose that X(a, b) ⊆ F for all a, b ∈ F . Since a * (b * 1) = a * 1 = 1, i.e., a ≤ b * 1, we have 1 ∈ X(a, b) ⊆ F . Let x, y ∈ X be such that x * y ∈ F and x ∈ F . Since (x * y) * (x * y) = 1, i.e., x * y ≤ x * y, it follows that y ∈ X(x * y, x) ⊆ F . Hence F = e X (F; τ 1 ) is a filter of X, and so the τ -exclusive set e X F ; τ is a filter of X for all τ ∈ P(U ) with e X F ; τ = ∅.
Therefore F , X is a uni-soft filter of X over U by Theorem 3.13.
